It has been suggested that carriage of Helicobacter pylori may protect against infections by exogenous intestinal pathogens. An analysis was done of all children who were screened for school fitness during 1996-1998 in Ulm, Germany, to compare rates of diarrheal illnesses in H. pylori-positive and H. pylori-negative children. Of 2477 5-8-year-old children studied, 304 (12.3%) were H. pylori-positive by carbon 13-labeled urea breath test. For H. pylori-positive children, diarrhea within the prior 3 months was less often reported than for H. pylori-negative children (54.3% vs. 76.1%; , adjusted for nationality). Compared with H. pylori-negative P ! .001 children, the odds ratio (OR) for the occurrence of diarrhea within the prior 3 months was 0.37 (95% confidence interval [CI], 0.28-0.49) for H. pylori-positive children; after adjustment for covariates, the OR was 0.56 (95% CI, 0.42-0.76). These data support the hypothesis that H. pylori colonization may protect against diarrheagenic gastrointestinal infections.
It has been suggested that carriage of Helicobacter pylori may protect against infections by exogenous intestinal pathogens. An analysis was done of all children who were screened for school fitness during 1996-1998 in Ulm, Germany, to compare rates of diarrheal illnesses in H. pylori-positive and H. pylori-negative children. Of 2477 5-8-year-old children studied, 304 (12.3%) were H. pylori-positive by carbon 13-labeled urea breath test. For H. pylori-positive children, diarrhea within the prior 3 months was less often reported than for H. pylori-negative children (54.3% vs. 76.1%;
, adjusted for nationality). Compared with H. pylori-negative P ! .001 children, the odds ratio (OR) for the occurrence of diarrhea within the prior 3 months was 0.37 (95% confidence interval [CI], 0.28-0.49) for H. pylori-positive children; after adjustment for covariates, the OR was 0.56 (95% CI, 0.42-0.76). These data support the hypothesis that H. pylori colonization may protect against diarrheagenic gastrointestinal infections.
All persons who carry Helicobacter pylori essentially have inflammatory cell infiltration in the gastric mucosa. In adults, this is associated with the development of peptic ulceration [1] and noncardia gastric adenocarcinoma [2] . The role of H. pylori in pediatric populations is less clear. Peptic ulceration rarely occurs in children [3] , persistent H. pylori carriage in children appears to be mostly asymptomatic [4] , and there is little evidence for an association with chronic abdominal pain [5] .
It has been suggested that, in addition to its recognized costs [1, 2] , carriage of H. pylori may have benefits [6, 7] for its human hosts. In a study, H. pylori-positive subjects had a higher density of IgA-secreting cells in the gastric antrum and higher systemic IgA levels after oral cholera vaccination than did H. pylori-negative subjects [8] , which suggests a potential benefit against high-grade intestinal pathogens. H. pylori also may secrete antibacterial peptides, to which it is resistant, thus inhibiting colonization by other bacterial species [9] . These observations suggest that H. pylori-colonized persons could be partially protected against exogenous diarrheagenic pathogens. Therefore, we conducted an analysis in a population-based sample of school-aged children to determine whether the fre-quency of diarrhea episodes in children is associated with the presence of H. pylori.
Methods
Study population and study design. In Germany, school attendance is mandatory. To attend school for the first time, all children must undergo a medical examination conducted by public health service physicians. For the current analysis, we pooled data from 3 cross-sectional studies of children living within Ulm, a city in southern Germany, with ∼120,000 inhabitants. These studies were performed to investigate prevalence, determinants, and effects of H. pylori colonization in children and were conducted in 1996-1998; in the 1997 study, children ( ) from 2 nearby comn p 251 munities (Erbach and Ehingen) also were included. All children who were to attend first grade in the school years 1996 [10] and 1997 [11] were included. For 1998, only children examined on days on which the carbon 13-labeled ( 13 C) urea breath test (UBT) was done, which represented 51% of the entire group studied for school fitness that year, were included. Children who received antibiotics within the prior 4 weeks were excluded from subsequent analysis because of the possibility of a false-negative UBT result. Participation in all studies was voluntary and scheduled simultaneously with the routine medical examinations done between January and July of each year.
13
C UBT. H. pylori status was determined by the nonradioactive 13 C UBT, a highly reliable, noninvasive method for determination of the current presence of H. pylori in the gastric lumen [12, 13] . After an initial breath sample was collected in a plastic bag, the children received 200 mL of apple juice (pH 2.2-2.4) containing 60 mg of 13 value 14% was considered to be positive. In an earlier study of the 1996 children [10] , a cutoff point of 5.0 was used. Internal validation showed that 4.0 was a more accurate value [14] . This change in threshold affected only 4 (0.5%) of the 864 children in the 1996 study. All UBT results were scored and analyzed by investigators blinded to all other clinical data. Questionnaire for parents. Study information and a self-administered questionnaire were sent to children's parents 1-2 weeks before the examination. Information was collected about family demographics, socioeconomic status, housing and living conditions, and medical history, including abdominal symptoms. Frequency of diarrhea within the prior 3 months was ascertained on a 4-level ordinal scale (never, rarely, sometimes, or often). The questionnaire also was offered in Turkish, since a large proportion of families were of Turkish origin. The collected questionnaires were checked for completeness during the examination, in which at least 1 parent (in most cases, the mother) accompanied the child. There was complete information about diarrhea for 2461 (99.4%) of 2477 children.
Statistical analysis. After descriptive analyses, a Mantel-Haenszel x 2 statistic for association of H. pylori status with the frequency categories of diarrhea was calculated after adjustment for nationality (German or other), since nationality was strongly associated with symptom frequency in a previous study [4] . We used unconditional logistic regression analysis to estimate crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for reported occurrence of diarrhea in the prior 3 months (never vs. rarely, sometimes, or often), according to H. pylori status, defined by UBT (yes or no). The following covariates were adjusted for the following: nationality (German or other), sex, education of father (р9 years or 19 years), education of mother (р9 years or 19 years), number of siblings (0, 1, or у2), and history of antibiotic treatment within past 6 months (yes or no).
Results

Study group characteristics.
In total, 2663 children with a 13 C UBT result were included in the study. The participation rate was 79% in 1996, 80% in 1997, and 84% in 1998. The final sample size was 2477, since 186 children were excluded from the analysis because they had received antibiotics within the prior 4 weeks. Table 1 shows the principal characteristics of the study population. Both sexes were equally represented. Most (72.3%) of the children were 6 years old and were of German nationality (74.7%). The prevalence of H. pylori carriage in the total population of 2477 children was 12.3%.
H. pylori status and history of diarrhea. In total, for 43% of the children, diarrhea was reported at some point in the prior 3 months (table 2) . In general, for children of German nationality, the category "never" was less often indicated than for children of other nationalities. However, in both the German and nonGerman population groups, H. pylori-positive children were more often in the category "never" than were H. pylori-negative children ( , after adjustment for nationality). When chil-P ! .001 dren were divided into 2 groups ("never vs. rarely" and "sometimes and often"), there was a similar result ( , for dif-P ! .001 ference among groups after adjustment for nationality; data not shown).
H. pylori and otitis media. To evaluate the potential for reporting bias, we considered the prevalence of parental reporting of proneness to otitis media, an illness not believed to be related to H. pylori status. We were able to address this question in the 1996 and 1997 studies only, but the evaluated children represented 81.0% of the total study population (table  3) . Although there was a tendency toward a lower prevalence of reported proneness to otitis media in H. pylori-positive children versus H. pylori-negative children, this difference was small and not statistically significant ( , after adjustment P p .17 for nationality).
Multivariate analysis of the relationship between H. pylori status and history of diarrhea. In an unadjusted analysis that compared H. pylori-negative and -positive children, the crude OR for the occurrence of diarrhea within the prior 3 months was 0.37 (95% CI, 0.28-0.49; table 4). The association of diarrhea with H. pylori positivity decreased after adjustment for nationality (OR, 0.56; 95% CI, 0.41-0.75) but did not change after further adjustment for other covariates (sex, education of father, education of mother, number of siblings, and history of antibiotic treatment within past 6 months; OR, 0.56; 95% CI, 0.42-0.76). Changing the groupings for diarrhea to "never or rarely" versus "sometimes and often" led to similar results (e.g., crude OR, 0.52; 95% CI, 0.33-0.82). Furthermore, exclusion of children with antibiotic medication within the prior 6 months also did not alter the results (data not shown).
Discussion
In this large population-based study, we found a strong inverse association between gastric carriage of H. pylori and reported occurrence of diarrhea in children. These data support the concept that H. pylori colonization induces an inflammatory infiltrate in the gastric mucosa [15] , which may be associated with effects that protect against gastrointestinal infections that cause diarrheal illnesses. This is consistent with earlier experimental studies [8, 9] . Our earlier analysis [4] of the 1996 study population only showed no association between H. pylori presence and abdominal pain or vomiting but a clear negative association with diarrhea, which is consistent with our current findings in this much larger study population, in which we had better control for potential confounding factors.
The few data currently available on the issue cannot be directly compared with the present study, because the studies were all conducted in developing world countries [16] [17] [18] [19] [20] and included infants and children with chronic diarrhea and marasmus [16] or infants and children of a very young age (у1 month), in whom colonization might not persist. Furthermore, other studies used diagnostic methods, such as UBT [17, 18] , which is not validated in infants and small children, or serologic methods [16, 19, 20] that may have low sensitivity in children [21] . Most of these studies found no association [17] [18] [19] ; however, the lack of adequate power due to the small number of study subjects also may play a role. In the only study that described a positive relationship between H. pylori seroprevalence and chronic diarrhea, the association might indicate a higher susceptibility to colonization by H. pylori in these severely ill and malnourished children from the Gambia and not vice versa [16] . A recent study from Peru reported an association of H. pylori with vibriocidal antibodies, a marker for a recent cholera; however, H. pylori seroprevalence tended to be negatively associated with reported diarrhea (OR, 0.6; 95% CI, 0.4-1.1) [20] , which is consistent with our findings.
Worldwide and throughout human history, diarrheal illnesses have been among the most common infective causes of morbidity and death, especially in children [21] . Although many different microbes can cause gastroenteritis, protozoan and bacterial pathogens (e.g., pathogenic Escherichia coli, Vibrio strains, and Salmonella, Shigella, and Campylobacter species) may be most subject to a gastric protective effect induced by H. pylori colonization. H. pylori could participate in defenses against exogenous pathogens by the stimulation of specific local and systemic immunoglobulin secretion [8] or by secretion of antibacterial peptides [9] . Potential benefits of H. pylori colonization also could be due to greater gastric acidity, if present [6] , resulting in improved barrier function against ingested pathogens [22] .
Although certain H. pylori strains are associated with increased risk of illnesses (e.g., peptic ulcer and gastric noncardia adenocarcinoma), in adult Western populations [23] [24] [25] , it may well be that the benefits of colonization in most carriers outweigh the costs, since only a small proportion of H. pylori carriers develop clinically related diseases at any time during their life [7] . Unfortunately, in the present study, we had no means to determine H. pylori strain type to evaluate whether differences in diarrheal disease risk are present.
In this study, several limitations should be considered. We were obliged to rely on reports of recent diarrhea by the child's mother. However, these reports should be accurate, since our definition included both a change in the frequency of defecation and in the composition of the stool, characteristics that should be well recognized by the mother of a young child. In addition, a 3-month time frame should not be difficult to remember. The reported prevalence of diarrheal illnesses within the prior 3 months is similar to the estimates for school-age children in the developed world (1-3 illnesses per child per year) [21] and supports the validity of the parental reporting in our study. Although sociocultural factors may influence parental reporting of diarrhea episodes, associations were similar within nationality groups, and the final results were controlled for nationality. The results were essentially the same when the cutoff point was changed, an indication that reported diarrhea occurrence in a wide distribution of severity is associated with H. pylori colonization.
Since the parents were not aware of the child's H. pylori status when they answered the questionnaire, reporting bias related to the organism seems unlikely. Because we used a crosssectional design, it is difficult to assess the temporal relationship between H. pylori acquisition and diarrhea. However, since most H. pylori acquisition is in early childhood [26] [27] [28] , probably by the age of 3 years in the population studied [28] , it seems likely that most children had been persistently colonized at the time of our study.
In conclusion, our data from a large population-based study suggest that gastric H. pylori colonization may be a protective factor against diarrheal illnesses. The earlier experimental [8, 9] and our current epidemiologic observations need confirmation. If confirmed, these observations could substantially change H. pylori management and prevention strategies, especially for children in the developing world, where both diarrheal illnesses and H. pylori are highly prevalent.
